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It is well established that use of estrogen-only menopausal hormone therapy (HT) in postmenopausal women increases the risk of endometrial cancer (1, 2) . This fits the ''unopposed estrogen'' hypothesis, which states that high levels of bioavailable estrogens, when not counterbalanced by progesterone, increase the mitogenic activity of endometrial cells (3) , leading to endometrial hyperplasia and cancer. Because of this, many women are now routinely prescribed regimens that contain estrogens combined with progestins, which have been shown to weaken or even reverse the increase in endometrial cancer risk associated with exogenous estrogen use (2, (4) (5) (6) (7) . However, there is some uncertainty as to whether different types of regimens or progestin constituents have different effects on risk and whether the risks associated with HT differ according to other lifestyle factors.
Our aim in this study was to examine the associations of different types of HT with the risk of incident endometrial cancer in a large European cohort, where women use a wide range of HT preparations. A secondary aim was to investigate whether the associations of endometrial cancer risk with hormone use differed by body mass index, age, or other factors.
MATERIALS AND METHODS
The European Prospective Investigation into Cancer and Nutrition is a large cohort study consisting of approximately 370,000 women and 150,000 men recruited between 1992 and 2000 at 23 study centers in 10 European countries: Denmark, France, Germany, Greece, Italy, the Netherlands, Norway, Spain, Sweden, and the United Kingdom. The cohort population and data collection procedures have been described in detail elsewhere (8) . Participants gave written informed consent and completed questionnaires on their diet, lifestyle, and medical history. Approval for the study was obtained from the ethical review boards of the participating institutions. Participants were almost all of white European origin.
Of the approximately 370,000 women enrolled in the study, women were not eligible for this analysis if they had prevalent cancer (n ¼ 19,707), hysterectomy (n ¼ 35,158), or incomplete follow-up data (n ¼ 2,296) or if they did not return the baseline lifestyle questionnaire (n ¼ 509). Women in Sweden (n ¼ 26,920) and Greece (n ¼ 14,048) were excluded because of a lack of detailed data on HT use. We further excluded women who were premenopausal or perimenopausal at recruitment (n ¼ 153,018) based on an algorithm that included information on ovariectomy, menstruation status, exogenous hormone use, and age (9) . Women were considered postmenopausal if they reported not having had any menses over the past 12 months, if they reported having undergone bilateral ovariectomy, or, in the absence of these data, if they were older than 55 years. Women were also excluded if they had never menstruated (n ¼ 22), if they had missing data on both ever and current use of HT (n ¼ 825), or if they had been diagnosed with nonepithelial endometrial cancer (n ¼ 16). This left a total of 115,474 women for inclusion in these analyses.
Exposure assessment
Information on hormone use at recruitment was derived from country-specific questionnaires, all of which included questions on ever and current use of HT, ages at first and last use, total duration of use, and brand name of the current HT preparation, which was coded according to the Anatomical Therapeutic Chemical Classification System (10). Approximately 9% of current users had missing information on brand name, and thus the type of HT could not be classified further. Estrogen-only HT was further classified by type of estrogen constituent (estradiol compounds, conjugated equine estrogens, or other/missing) and route of administration (oral, cutaneous, or other/missing). Estrogen-plusprogestin HT was further classified by progestin constituent (micronized progesterone, progesterone derivative, or testosterone derivative (11)). Regimen was classified as sequential (estrogen with a progestin added for some days (usually 10-14 days) of the month) or continuous (estrogen plus a progestin daily). Tibolone, a synthetic steroid with estrogenic, progestagenic, and androgenic properties, was classified into a separate category. Other HT formulations were predominantly progestin-only or androgen-plus-estrogen preparations, and these were combined into 1 category.
Data on smoking status, menstrual and reproductive factors, and physical activity were obtained from the recruitment questionnaire, and a validated physical activity index was calculated, as described elsewhere (12) . Height and weight were measured at recruitment, except for the Oxford, United Kingdom, ''health-conscious'' cohort, the Norwegian cohort, and approximately two-thirds of the French cohort, among whom height and weight were self-reported. Body mass index was calculated as weight (kg)/height (m) 2 .
Case ascertainment and follow-up
Incident cases of endometrial cancer were identified through linkage to population cancer registries in Denmark, Italy, the Netherlands, Norway, Spain, and the United Kingdom or through a combination of methods, including linkage to health insurance records, cancer and pathology registries, and active follow-up of study participants or their next of kin in France and Germany.
Of the 115,474 women included in these analyses, 601 developed endometrial carcinoma after recruitment and before the closure date of the study period (between December 2003 and November 2006, according to recruitment center). The cancer diagnosis was based on histology reports for 81% of cases, clinical examination for 12%, and self-report, autopsy, or death certificate for the remaining 7%. Details on tumor morphology were specified for 252 (42%) cases, of which 233 (92.5%) were endometrioid, 8 (3.2%) were serous, 3 (1.2%) were mucinous, 5 (2.0%) were clear-cell, and 3 (1.2%) were undifferentiated. Of the 601 cases, 105 were in Denmark, 187 in France, 38 in Germany, 51 in Italy, 55 in the Netherlands, 20 in Norway, 38 in Spain, and 107 in the United Kingdom.
Statistical analysis
Cox proportional hazards models were used to estimate hazard ratios for endometrial cancer and 95% confidence intervals according to various measures of HT. Age was used as the underlying time variable, with entry and exit times being defined as the subject's age at recruitment and the subject's age at endometrial cancer diagnosis or censoring (death, loss to follow-up, or the end of follow-up). Tests using Schoenfeld residuals showed no evidence that the proportional hazards assumption was violated (13) . We conducted tests for linear trend by including categorical variables as continuous terms in the models. Tests for heterogeneity were performed using likelihood ratio chi-square tests. Data were stratified by recruitment center and age, and adjustments were made for variables known to be associated with risk: body mass index (<25, 25-29, or 30), parity (0, 1, 2, or 3 births), age at menopause (<46, 46-49, 50-52, or >52 years), and ever use of oral contraceptives (yes, no). There was a low proportion of missing values for each of these covariates (<5%), with the exception of age at menopause (missing for 28%); most of those women were current HT users. All missing values were assigned to a separate stratum for each variable. Sensitivity analyses that excluded women with missing data on any covariates produced risk estimates similar to those of the full data set and are not presented. Further adjustments for physical activity, waist circumference, alcohol intake, age at menarche, smoking, education, breastfeeding, diabetes, and time since last birth produced no material difference in the risk estimates and were not included in the final model.
Tests for interaction between current HT use and a priori variables of interest, including age at recruitment (dichotomized at the median: <57 years vs. 57 years), smoking status (ever vs. never), body mass index (<25, 25-29, or 30) , and oral contraceptive use (ever vs. never), were carried out by inclusion in the model of the relevant exposure variable (current HT use), indicator variables for the potentially modifying factors, and interaction terms for the product of the 2 variables. The statistical significance of the interaction terms was evaluated by means of the Wald test. To test for heterogeneity of associations according to time between recruitment and diagnosis and by country, we used a meta-analytic approach and calculated the Q statistic. We performed a sensitivity analysis to evaluate the assumption that HT use reported at recruitment remained constant throughout follow-up, by censoring participants at 2, 4, 6, 8, and 10 years of follow-up. All statistical tests presented are 2-tailed, and P values below 0.05 were considered statistically significant. Analyses were performed using Stata, version 10 (Stata Corporation, College Station, Texas).
RESULTS
In total, 115,474 postmenopausal women were followed for a mean of 9.0 years, during which time 601 incident cases of endometrial carcinoma were identified. The average age at recruitment was 57 years, and the mean age at diagnosis was 65 years. Overall, 50,894 women (44%) had ever used HT and 33,853 (29%) were current users at recruitment. Both ever and current use of HT were lowest in Spain (16% and 8%, respectively) and highest in Norway (70% and 59%, respectively; Table 1 ). The mean total duration of use ranged from 1.8 years in Spain to 5.4 years in Denmark. Among current users, 13% used estrogen-only HT, 74% used combined estrogen-plus-progestin HT, 2.9% used tibolone, and 1.9% used other preparations. Among women who had information on the type of progestin regimen (61% of combined users), most reported using sequential rather than continuous regimens (45% and 16%, respectively), and most preparations contained synthetic derivatives of testosterone or progesterone (55% and 36%, respectively) rather than micronized progesterone (9%; Table 1 ). Testosterone derivatives were most common in Northern Europe, and progesterone derivatives were most common in Southern Europe; micronized progesterone was commonly used only in France (Table 1) .
Compared with never users, current HT users were more likely to be younger, to be leaner, to smoke cigarettes, to be more highly educated, to have ever used oral contraceptives, and to be more physically active than never users (Table 2 ). Similar differences were found for estrogen-plus-progestin HT users compared with estrogen-only HT users, with the exception of smoking. Users of tibolone were older, less likely to smoke, less highly educated, and less likely to have used oral contraceptives and were more likely to be nulliparous than users of all other types of HT. Figure 1 shows the association of HT use with risk of endometrial carcinoma after stratification for age and center and adjustment for body mass index, parity, age at menopause, and oral contraceptive use. Compared with women who had never used HT, the multivariate hazard ratio was 1.44 (95% confidence interval (CI): 1.20, 1.74) among ever users, 1.72 (95% CI: 1.39, 2.14) among current users, and 1.16 (95% CI: 0.90, 1.48) among former users. Among current users, increasing duration of use was associated with a progressively increased risk (P for trend < 0.001).
Compared with never use, current use of estrogen-only HT was associated with over a 2-fold increased risk of endometrial carcinoma (hazard ratio (HR) ¼ 2.52, 95% CI: 1.77, 3.57; Figure 1 ), which increased with duration of use (for <2 years of use, HR ¼ 1.84, 95% CI: 0.88, 3.83; for 2 years of use, HR ¼ 2.59, 95% CI: 1.32, 5.07; P for trend 0.01). There was no evidence of heterogeneity in risk estimates according to estrogen constituent (estradiol compounds vs. conjugated equine estrogens) or route of administration (oral vs. cutaneous; data not shown). Use of tibolone was also associated with a significantly increased risk of endometrial carcinoma (HR ¼ 2.96, 95% CI: 1.67, 5.26; Figure 1 ); there were too few cases to examine this association according to duration of use. Table 3 shows the associations of estrogen-plus-progestin HT with risk according to duration of use, regimen, and type of progestin constituent, where these data were available. Overall, current use of estrogen-plus-progestin HT was associated with increased risk (HR ¼ 1.41, 95% CI: 1.08, 1.83), which increased with duration of use (P for trend ¼ 0.01). Use of sequential combined HT was positively associated with risk (HR ¼ 1.52, 95% CI: 1.00, 2.29), while use of continuous combined HT was inversely associated with risk (HR ¼ 0.24, 95% CI: 0.08, 0.77; P for heterogeneity ¼ 0.003), although this finding was based on only 3 cases. The association also varied by type of progestin constituent (P for heterogeneity ¼ 0.02); preparations that contained micronized progesterone were associated with a significantly increased risk, while those that contained progesterone or testosterone derivatives were not associated with risk (Table 3) . Table 4 shows the association of estrogen-plus-progestin HT with risk of endometrial carcinoma according to age, smoking, body mass index, and use of oral contraceptives; there were too few data to allow such subgroup analyses for other types of HT. The association of estrogen-plusprogestin HT with risk of endometrial carcinoma varied by age: There was a positive association among women aged 57 years or older and no association among younger women (P for interaction ¼ 0.001). The association also varied by smoking status, with a stronger association among ever smokers compared with never smokers (P for interaction ¼ 0.01). Combined HT use was also more strongly associated with risk among normal-weight women, with weaker associations being found among overweight and obese women, although these differences were of marginal statistical significance (P for interaction ¼ 0.07). There was no difference in the association of combined HT use with risk according to ever use of oral contraceptives. There was no significant heterogeneity in the association of current HT use with risk of endometrial carcinoma according to time between recruitment and diagnosis (<2, 2-4, or 5 years) or by country (data not shown). Analyses in which participants were censored after 2, 4, 6, 8, and 10 Abbreviation: HT, hormone therapy. a Hazard ratio estimates were stratified by recruitment center and age and were adjusted for body mass index, parity, age at menopause, and oral contraceptive use.
b P for trend. c Data on type of regimen were available for 61.0% of estrogen-plus-progestin users. d Data on progestin constituent were available for 99.7% of estrogen-plus-progestin users.
years since recruitment also did not appreciably change any of the risk estimates (data not shown).
DISCUSSION
This large European cohort study with a wide variety of HT preparations confirmed the well-established association of estrogen-only HT with risk of endometrial carcinoma. It also showed a strong positive association with tibolone and a smaller increased risk for estrogen-plus-progestin HT.
Progestins counteract the proliferative effect of estrogens on the endometrium (3), and there is a wealth of data from randomized controlled trials showing that use of estrogenplus-progestin HT reduces endometrial hyperplasia in comparison with use of estrogen-only preparations (14) . It has therefore been suggested that the addition of progestin to HT may also weaken the excess risk of endometrial cancer associated with exogenous estrogen use. Our finding that sequential combined HT was associated with a smaller increased risk than that found for estrogen-only HT is consistent with this hypothesis. Evidence from other studies also suggests that use of short-term sequential progestin (where progestin is provided for fewer than 10 days per month) is clearly associated with increased risk (2, 7, (15) (16) (17) (18) (19) (20) , while use of longer-term sequential regimens is not strongly associated with risk (5, 7, 15, 16, 18-23) .
Our finding of a significantly reduced risk with use of continuous progestin regimens, while based on very small numbers, is consistent with findings from most other studies (2, 6, 16, 17, 23, 24) . Indeed, in the largest prospective study to date, which had repeated HT information on over 700,000 women, Beral et al. (5) reported a 30% reduction in risk associated with continuous regimens (based on 73 cases, relative risk ¼ 0.71, 95% CI: 0.56, 0.93). The limited trial evidence also suggests that continuous regimens may be associated with a reduced risk, although the numbers of cases were low and the associations were not statistically significant (4, 25) . However, other observational studies have shown either no association (7, 21) or increased risks with use of continuous regimens (18-20, 26, 27) , with some also showing evidence of a dose-response relation with increasing duration of use (19, 27) or increasing progestin dose (20) . The inconsistencies between studies might be explained by the low numbers of users in individual studies and/or the different lengths, doses, or types of progestin used. In particular, the present study found that use of micronized progesterone was associated with an increased risk, whereas testosterone or progesteronederived derivatives were not. Different progestins have been shown to induce different responses in target tissue such as the breast (28) and endometrium (29) . Results from the E3N cohort study in France showed that progesterone-containing HT was more weakly associated with breast cancer risk than was HT containing other progestins (30) , and it is conceivable that this weaker prostagenic effect could also apply to the endometrium, whereby micronized progesterone is not as effective in preventing estrogen-induced endometrial cancer in HT users as other progestins. These findings, while based on small numbers, warrant confirmation in other populations in which micronized progesterone is commonly used.
Our finding that tibolone was associated with a significantly increased risk of endometrial cancer is consistent with findings from the United Kingdom Million Women Study, in which Beral et al. (5) reported a relative risk of 1.79 (95% CI: 1.43, 2.25) that remained when analyses were restricted to women who were likely to have used tibolone exclusively. In a record-linkage study carried out in the United Kingdom, de Vries et al. (31) reported similar findings, although many cases had used other types of HT before or after using tibolone and information on other potential confounders was not taken into account. In the current study, tibolone users were, on average, older, less likely to smoke, and more likely to be nulliparous than users of other types of HT. However, these variables were either included in the final model or did not influence the risk estimates, making it unlikely that these factors could explain the association. However, we did not have information on whether tibolone users were more likely to have had previous dysfunctional uterine bleeding or to be past users of estrogen-only HT, as has been suggested (32) . Nonetheless, the consistency of our findings with those from other observational studies suggests that tibolone treatment could be more estrogenic and/or less progestagenic with regard to the endometrium than previously anticipated, and future research on the longterm effects of tibolone on the endometrium is clearly warranted.
It is well established that obesity is associated with an increased risk of endometrial cancer, most likely through higher circulating levels of bioavailable estrogens (3). Our finding that the association of estrogen-plus-progestin HT with risk becomes somewhat weaker with increasing body mass index is consistent with the well-regarded hypothesis that overweight and obese women may be progressively less responsive to the harmful effects of exogenous estrogens because of their already-high circulating levels (5, 33). We had limited statistical power with which to examine these differences by other types of HT, although other studies have also shown greater risks associated with use of estrogenonly HT and tibolone among normal-weight women, with little or no increase in risk among overweight and obese women (5, 18, 20, 33) .
In the current study, HT use was associated with an increased risk of endometrial cancer among older women and ever smokers, which is consistent with some (33, 34) but not all (5, 20, 35, 36) studies. While it is plausible that HT may exert a stronger estrogenic effect in older women and in smokers, both of whom have lower circulating estrogen levels, these women also had a higher duration of total HT use, which may account for some, if not all, of this difference in risk. However, a more detailed examination of the association between duration of exposure and risk is hampered by the lack of information on HT use during the follow-up period.
The main strengths of this study lie in its prospective, population-based design, the ability to investigate specific types of HT used at recruitment, and the ability to take potentially confounding factors into account. However, this study had several limitations. Women were classified according to self-reported use of HT at recruitment, and information on adherence to HT during the follow-up period was not available. Following termination of the Women's Health Initiative in 2002 (37) and publication of the Million Women Study results on breast cancer in 2003 (38) , many women are likely to have ceased HT use (39, 40) , which may have attenuated the associations found between HT and endometrial cancer risk. However, sensitivity analyses that censored participants at various cutoff years during the follow-up period produced results similar to those of the main analysis, suggesting that our findings were robust to changes in exposure status. Furthermore, the risk estimates remained very similar when analyses were stratified by year of recruitment, suggesting that the impact of any secular trends in HT use during the recruitment period is likely to have been small. Another limitation is that some women would have had a hysterectomy during the follow-up period, which may have led to underestimation of the effect of HT on endometrial cancer risk, as this procedure is more common among HT users than among never users. However, the rate of hysterectomy during follow-up is likely to have been low in this study population (subjects' average age at entry was 57 years), so hysterectomy is unlikely to have unduly influenced risk estimates. Finally, our findings for the effect of estrogen-only HT on risk, while important, may not be so relevant today, since women with an intact uterus are now routinely being prescribed estrogen-plus-progestin HT.
In conclusion, our findings of a substantially increased risk of endometrial cancer with use of estrogen-only HT and a smaller positive association with use of combined HT support the hypothesis that progestins have an attenuating effect on endometrial cancer risk, although the risk differs according to regimen and type of progestin constituent. The increased risk associated with use of tibolone requires further investigation.
